Abstract
Results
We collected a total of 31 RCTs, the results showed that cognitive-based training has a moderate effect on overall cognitive function (g = 
Introduction
The global population is rapidly aging, and this has become an important issue in many countries [1] . This increasing elderly population also have an impact on the form of social services, health care, policies, and benefits available to them. However, as one ages, various cognitive abilities decline; therefore, older individuals are unable to comprehend and respond to stimuli as fast as their younger counterparts [2] . Cognitive functions can be classified into four major domains on the basis of their characteristics: (1) Memory, involves the retention, storage, and recall of information. In the case of elderly individuals with normal cognitive functions, memory loss is strongly correlated with dementia [3, 4] .; (2) Attention, refers to the ability to quickly process information, and constrained with increasing age [5, 6] .; (3) Executive function is a multi-faceted construct that has been conceptualized from a variety of contexts, include the ability for planning, directing and maintaining attention, organization, abstract reasoning and problem-solving, self-regulation, and motor control, and refers to a range of higher-level cognitive processes [7] .; (4) Visual-spatial ability, defined as the ability of the brain to respond to planar and three-dimensional spaces, and is considered to be age-related decline [8] .
The goal of cognitive-based training for the older people is not to teach new developmental skills, but rather to maintain functions [9] . Cognitive-based training can be divided into three major categories: cognitive stimulation, cognitive training, and cognitive rehabilitation [10] . The majority studies in conducting cognitive-based training was in the frequency of ≧3 times each week [11, 12, 13, 14] , total training weeks of ≧8 weeks [15, 16, 17] and total training sessions of≧24 sessions [15, 16, 18, 19] . Three previous studies have performed meta-analyses to address the effect of cognitive-based training in healthy older people individuals [20, 21, 22] . The gaps in previous studies were: (1) They have not done an independent investigation and analysis of the effects on healthy older people individuals alone; (2) The lack of multiple indicators of cognitive sub-functions (such as memory, attention, executive function, and visual-spatial ability); and (3) The past searches imposed restrictions on language and date of publication. Therefore, this study aim to investigate the effect of cognitive-based training on healthy older people individuals alone; in addition, this study sought to assess whether the characteristics of training had any impact on effect size.
Material and methods

Reporting standards
The current study was conducted and reported according to the Reporting Items for Systematic reviews and Meta-Analyses (PRISMA); [23] ) statement for meta-analysis of randomized controlled tails (RCTs).
Search strategy
We collected all available quantitative research of cognitive-based training on the healthy older people for meta-analysis. From Cochrane, PubMed, EMBASE, MEDLINE, PsycINFO, and CINAHL; no restrictions were placed on the publication year of the articles or the language. The search was conducted up to December 10, 2016. The keywords were specified by the Cochrane Library's Cochrane Dementia and Cognitive Improvement Group. The six cognitive-based training-related keywords: "cognitive-based training", "cognitive stimulation", "cognitive rehabilitation", "cognitive retraining", "cognitive re-training" and "cognitive support" were used when specifying a Medical Subject Heading (MeSH). We restricted the article type to RCT, age range >65 years; for the data-base that cannot set such restrictions (e.g. Cochrane), we add the key words: "RCT" and "elderly", "aging" or "older" to confirm the comprehensive search strategy. The Google search was also used to locate any articles possibly missing from the foregoing databases.
Selection criteria
Articles had to comply with the following inclusion and exclusion criteria: (1) Research design: The research design had to comply with the three criteria of randomization, control, and experimental implementation. 
Outcome measures
This study classified outcome measures into five types based on the literature before assessing effectiveness: change in overall cognitive function, memory, attention, executive function, and visual-spatial ability [24] . The primary outcome is overall cognitive function; secondary outcomes are memory, attention, executive function, and visual-spatial ability.
Data extraction
We use Cohen's k to evaluate the reliability between raters and registrants to avoid bias associated with sample selection or variable interpretation, with a value of k> 0.65 indicating acceptable consistency between raters and registrants [25] . Two of this study's authors separately registered all of the selected RCTs with regard to design, diagnosis, intervention, and outcome variables, and both performed an inter-rater reliability test, the resulting Kappa value was 0.88. If the two authors had different opinions, then the third senior author reconciled the difference. If a study failed to include some required data within the article, we then contacted the authors directly to obtain the necessary information.
Assessment of methodological quality
This study used the quality record guidelines proposed by the Cochrane Collaboration Guidelines [26] to assess five major forms of bias present in the RCTs: adequacy of sequence allocation, allocation concealment, blinding, incomplete outcome data, and selective reporting. The research quality of the study design, outcome measures, statistical analysis, and results of the selected RCTs were assessed using the approach with a total research-quality score of six to ten indicating an acceptable level of quality, and a score less than or equal to five indicating an unacceptable level of quality [27] . The resulting Kappa value for intra-rater reliability was 0.87.
Data analysis
This study employed Comprehensive Meta-Analysis Version 2.0 to perform the meta-analysis. After the calculation of Hedges' effect size, the magnitude of Hedges' g may be interpreted using Cohen's convention as 0.2 comprised a small effect size, 0.5 comprised a moderate effect size, and 0.8 comprised a large effect size [28] . The Q value and I 2 value were used to test for homogeneity and heterogeneity. Taking each quartile as an interval, a value equal to 0% indicated no heterogeneity, a value less than 25% indicated minor heterogeneity, a value of 50% indicated moderate heterogeneity, and a value of over 75% indicated a high degree of heterogeneity [29] . All overall effect size values in this study were inspected using the random effect model, because it accommodated the possibility that the underlying effect differed across studies. The randomeffects model is more conservative and has a wider 95% CI than a fixed-effects model. Subgroup analysis and meta-regression was further employed to determine which standards and characteristics were significant and had relatively large effects. Variables were examined using a mixed-effects model that was based on both the fixed-effects and random-effects models. In subgroup analysis, we used the QB test for between-groups comparison, a method similar to variance analysis. Sensitivity analysis was applied to determine whether overall effect size was affected by research quality, and Cochrane Collaboration Guideline scores were used to analyze differences in effect size. This study employed funnel plots and Egger's regression intercept to determine publication bias.
Results
Selection and characteristics of studies
A total of 1,375 unique titles and abstracts were retrieved from the search (Fig 1) . Ultimately, 31 RCTs met inclusion criteria for primary analysis. Among the 31 RCTs, 14 analyzed the effectiveness indicator of overall cognitive function, 20 analyzed memory, 20 analyzed attention, 22 analyzed executive function, and 6 analyzed visual-spatial ability (Table 1) .
Effect on overall cognitive function, memory, attention, executive function, and visual-spatial ability For overall cognitive function, 14 studies were included in the analysis; overall effect size expressed by Hedge's g = 0.419, the 95% confidence interval (CI) was 0.205-0.634, and the effect size directionality of the sample was positive. This indicated that cognitive-based training for healthy older people had a significant and moderate effect on overall cognitive function. The results of homogeneity testing showed that the Q value = 48.082, p = 0.000, I 2 = 72.963%.
The testing for publication bias indicated that the funnel plot was generally symmetrical, while the value of p = 0.425 for Egger's regression intercept indicated that publication bias was not significant (Fig 2) . Regarding to memory, 20 studies were included in the analysis; the overall effect size expressed by Hedge's g = 0.354, the 95% CI was 0.244-0.465, and the effect size directionality of the sample was positive. This indicated that cognitive-based training had a significant and small effect on the elders' memory. The results of homogeneity testing showed that the Q value = 36.451, p = 0.009, I 2 = 47.875%. The testing for publication bias indicated that the funnel plot was generally symmetrical; the value of p = 0.329 for Egger's regression intercept indicated that publication bias was not significant (Fig 3) . On the study of attention, 20 studies were included in the analysis; the overall effect size expressed by Hedge's g = 0.218, the 95% CI was 0.125-0.311, the effect size directionality of the sample was positive. This indicated that the effect of cognitive-based training on attention was significant with a small effect size. The results of homogeneity testing showed that the Q value = 30.113, p = 0.050, I 2 = 36.904%. The testing for publication bias indicated that the funnel plot was generally symmetrical; the value of p = 0.061 for Egger's regression intercept indicated that publication bias was not significant (Fig 4) . On the study of executive function, 22 studies were included in the analysis, the overall effect size expressed by Hedge's g = 0.420, the 95% CI was 0.239-0.601, the effect size directionality of the sample was positive. This indicated that cognitive-based training for healthy older people had a significant and moderate effect on executive function. The results of homogeneity testing showed that the Q value = 125.561, p = 0.000, I 2 = 83.275%. The testing for publication bias indicated that the funnel plot was generally symmetrical; the value of p = 0.018 for Egger's regression intercept, and p = 0.185 for Begg's test (Fig 5) . For visual-spatial ability, six studies were included in the analysis, the overall effect size expressed by Hedge's g = 0.183 and the 95% CI was 0.015-0.352. This indicated that cognitivebased training has a significant and small effect on elders' visual-spatial ability. The results of homogeneity testing showed that the Q value was not significant (Q = 2.505, p = 0.776, I 2 = 0.000%), which indicated that the sample and research effect size were homogeneous. Further testing for publication bias indicated that the funnel plot was generally symmetrical, and the p = 0.136 for Egger's regression intercept indicated that publication bias was not significant (Fig 6) . The sensitivity analysis showed removal of any one study among the collected studies would not have affected the research results as a whole for all outcomes. This results supported the robustness of all the above results of the meta-analysis.
Subgroup analysis of the characteristics of interventions
In this study, subgroup analysis were performed on the intervention characteristics in cognitive-based training. The subgroup analysis of the attention improvement revealed that the total number of training weeks ≧8 week is better than that of <8 week (Q B = 8.779; p = 0.003). The subgroup analysis of the executive function improvement showed the effect size was significantly larger of the weekly training session revealed that ≧3 times per week than that of the weekly training session <3 times per week (Q B = 4.132; p = 0.042), and the total number of training sessions ≧24 sessions for executive function is also better than that of <24 sessions (Q B = 4.225; p = 0.040) ( Table 2) .
Meta-regression analysis of the characteristics of interventions
Meta-analysis of the effect of the content characteristics of cognitive-based training also indicated that the total number of training weeks (p = 0.048) showed significant effect with attention. The number of weekly training sessions (p = 0.000) and total number of training sessions (p = 0.006) showed significant effect on executive function.
Discussion
Based on the results of this meta-analysis, we confirmed that cognitive-based training can indeed enhance overall cognitive function and executive function in healthy older people with moderate effect. The cognitive-based training can also enhance other cognitive functional domains, including memory, attention, and visual-spatial ability with small effect.
The results of this study are consistent with previous research on the effect of cognitivebased training for healthy older adults or persons with mild cognitive impairments in overall cognitive function [15, 30, 31] and executive function [17, 32, 33] . Because the moderate effect on these two indicators were confirmed, the cognitive-based training may therefore relatively effective in enhancing overall cognitive function or task-specific executive function. The results of this study are confirmed that intervention of cognitive-based training had a significant and small effect on memory [34, 35] , attention [34, 36] , and visual-spatial ability [16] . and response speed are clearly affected by aging. Since these three cognitive function domains may belong to fluid cognition, they tend to deteriorate significantly with increasing age. Many hypotheses have been proposed to explain the effect of aging on fluid cognition in terms of brain mechanisms, but most of these hypotheses fall into two major categories. One view is that aging occurs throughout the brain, and this impedes the real-time integration of earlier and later data when processing information, which then results in slower responses. This is consistent with the empirical finding that certain memory functions tend to be relatively strongly affected by aging. On the other hand, because the memory training interventions among older adults with no cognitive impairment seek to improve memory skills by teaching mnemonic techniques or entail instruction in how to take advantage of environmental supports [37] , the cognitive-based training may not specify enough to improve it.
Our subgroup findings suggest cognitive-based training showed better effectiveness with weekly training session ≧3 times per week, total training weeks ≧8 weeks, and total training session ≧24 session for healthy older people. Our meta-regression findings also indicated that increases the number of weekly training sessions, total number of training weeks and total number of training sessions can boost attention and executive function; this suggests that increases in the frequency of cognitive-based training can make training more effective [11, 38] . These findings are generally consistent with those of previous studies, which have concluded that minimum dose of 15 hours total per targeted brain function, performed over 8 weeks is necessary for real improvement [39] . For the training type, cognitive training with a theoretical foundation and specific hypotheses, and is more effective than cognitive stimulation that seek to strengthen mental functioning but have no specific goals.
Conclusions
The results of this study confirmed that cognitive-based training has a moderate effect on overall cognitive function and executive function, and a small effect on memory, attention, and visual-spatial ability. Subgroup analysis suggest that the intervention frequency with weekly training session ≧3 times per week, total training weeks ≧8 weeks, and total training session ≧24 session is more effectiveness for healthy older people to boost attention and executive function. Strength of this study are: (1) We applied a strict set of inclusion guidelines; and (2) Performed subgroup analysis of characteristics variables and correlated the difference in the effect size of each study characteristic variable at various levels to explore the effect size. The limitation of this study was that the collected studies had inconsistent research designs. These differences affected effect size and results in the overall analysis, subgroup analysis, and metaregression.
We recommend that future research pay more attention to psychological, cultural, economic, and other social reasons for participant outcomes, since these outcomes are closely connected with daily lives. Furthermore, the fact that most studies of cognitive-based training had different subsequent tracking periods ensured that the tracking of effectiveness was imprecise. We therefore recommend that, apart from administering immediate post-tests, future research on cognitive-based training should administer a regular tracking test every three months. This would provide future researchers with a better understanding of subsequent effectiveness when performing meta-analyses on this subject.
As for clinical practice, this study suggest that cognitive-based training can promote overall cognitive function, memory, attention, executive function and visual-spatial ability in healthy older people individuals. Consequently, we recommend training sessions at least three times per week, total training weeks of at least eight weeks, and at least 24 total training sessions in the design for the cognitive-based training protocol for the healthy older people to boost attention and executive function. Finally, we hope that this study's findings will provide information about the use of cognitive-based training in healthy older people individuals, and help the healthy older people obtain the greatest possible benefit in terms of health promotion and disease prevention. 
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